, while tetragonal Siphases were found in the shock-wave affected areas at the laser fluences between 40 J/cm 2 and 150 J/cm 2 . The laser pulse is coming from the top, the scale bars are 1 µm and 100 nm in the inset in (a), 300 nm in (b,c).
Supplementary Tables
Supplementary Table 1 We note that the Young's moduli in Si and silica are respectively 165 GPa and 78 GPa. Therefore, shock wave propagation and its termination occur in both materials in different time and space regimes, resulting in significant asymmetry of the void and shock-affected areas. As a result, the expanding shock front is distorted by perturbations due to this asymmetry, also enhanced by hydrodynamic instabilities. Such processes make accurate predictions of the shape and spatial pressure/temperature distribution in the laser/shock affected material very difficult. However, the average size of the void, maximum temperature and pressure, shock-wave propagation distance, cooling and pressure release times can be reasonably estimated on the basis of the energy and mass conservation laws.
Irradiation of the Si-surface in the current experiments with tightly focused 170 fs, 800 nm laser pulses at two energy density levels of F = 60 J cm -2 (laser energy 250 nJ) and 95 J cm -2 (laser energy 440 nJ) produces the following conditions in the laser-affected Si and SiO 2 presented in Supplementary  Figure 2 . The ionisation threshold (optical breakdown) is determined by the condition that the real part of dielectric permittivity turns to zero, Re() = 0 as a result of laser excitation. 3, 4 The ionisation threshold in Si (0.034 J cm -2 ) is lower than that in SiO 2 (0.1 J cm -2 ). 4 Therefore, silicon starts to absorb laser energy earlier in the pulse time. Both Si and O are ionised in a l abs ~23-nm thin layer adjacent to the Si/SiO 2 interface where about A =50% of the laser energy is absorbed. suggesting a maximum electron pressure in the range of 20 -40 TPa. The major part of the absorbed energy is contained within the SiO 2 -volume where the degree of ionisation is ~1-2, i.e. one or two electrons are stripped from the O and Si atoms. Thus, from the conservation of energy, the maximum energy per atom is in the range 150 eV -300 eV, which corresponds, by taking into account the ionisation losses, to a maximum electron temperature in the range 50-100 eV.
The rate of electron-ion energy transfer,  en , is inversely proportional to the ion's mass, , where the momentum exchange rate equals  mom ~510 15 s -1 . 5, 6 For this reason Oions equilibrate their temperature with electrons faster than the Si-ions, = 2.1 ps after the pulse, while in Si =3.7 ps (M O = 16, M Si = 28). Since the O-ions are in motion earlier than the Si-ions, a two-step shock wave emerges from the laser-heated layer at the Si/SiO 2 interface. One may conjecture that the initial shock-wave driven by O in the SiO 2 is the reason for the appearance of the peculiar shape of the void with a bubble-like structure on the top (see Fig.S2 ).
The shock wave propagates into the bulk, dissipates the energy, and converts to an acoustic wave at a distance where the pressure at the shock front is reduced to the Young's modulus. The average temperature at that moment can be estimated assuming that a material has a solid-state atomic number density (n a = 510 22 cm -3 ) and the recombination took place during shock-wave propagation consuming an energy necessary for making bonds of the order of the ionization potential ~10 eV. The heat capacity is also changing with temperature from 1.5 k B as for an ideal gas to 3k B of a solid. Thus, it is reasonable to assume that the average temperature at the time the shock wave stops is around 11,000K, and the density is the same order as in the surrounding pristine crystal. The pressure at the moment of termination of the shock wave is equal to the Young modulus of the surrounding pristine material, but the material is still in a partially ionised plasma state with the degree of ionisation ~10%.
The isochoric cooling is a continuous process but the rate of cooling has several stages, each attributed to a particular diffusivity. Each stage is characterised by a different diffusivity coefficient, which is temperature-dependent. The first stage is while the shock wave propagation continues. 
Supplementary Note 2 | Range of laser fluences used for the formation of tetragonal phases of Si
Qualitatively, the level of laser fluence on the Si surface buried under the SiO 2 layer should be sufficient to create a plasma and generate a strong shock-wave with a maximum pressure above the Young's modulus of silicon, Y ~165 GPa. The formation of a void in the Si bulk by the following rarefaction wave is an indication that a maximum pressure above Y has been achieved. In our experimental conditions with single 170 fs laser pulses focused onto a Si surface down to a 0.74 µm (FWHM) diameter spot, the formation of voids commences at a laser pulse energy of ~5 nJ, which generates a fluence of ~2 J cm -2 .
At this near-threshold laser fluence the shock-wave affected areas are very thin (less then 100 nm thick), and contain only a thin layer of amorphous Si (Supplementary Figure 3a) presumably due to very fast quenching and lacking time for nucleation of any crystal structure.
Further increase of the laser energy demonstrates the extension of voids into the SiO 2 above the Si surface due to the ionisation wave propagation into the SiO 2 -see Supplementary Figure 3 . The shock wave also propagates up to 600 nm into the bulk of the Si at a laser fluence of ~150 J cm -2 (pulse energy ~600 nJ). Further increase of the laser energy leads to the formation of a void in SiO 2 further and further away from the Si surface. This results in reduced shock-wave propagation into the Si. Analysis of the shock-wave affected areas in Si from TEM images indicate that the new tetragonal phases bt8-Si and st12-Si, as well as t32-Si were found at a specific range of laser fluences from ~40 J cm -2 to 150 J cm -2 (pulse energy ~100 nJ -600 nJ).
